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SUMMARY 



The equations are given for the elastic behavior of 
initially curved sheet in which the. deflections are not 
small in comparison with the thickness? "but at the 
same time small enough to justify the use of simplified 
formulas for curvature. These equations are solved for . 
the case of a sheet with circular cylindrical shape 
simply supported along two edges parallel to the axis of 
the generating cylinder. 

Numerical results are given for three values of the 
curvature and for three ratios of "buckle length t o" "buckle 
width. The computations are carried to buckle deflections 
of about twice the sheet thickness. ...... 

It is concluded from the results that initial curva- 
ture may cause an appreciable increase ,in the buckling 
load but that, for edge strains which ape' several times 
the buckling strain, the initial curvature causes a neg- 
ligibly small change in the effective width. 



INTRODUCTION 



The strength of curved sheet in axial compression 
plays an important role in. determining the strength of 
the wings and fuselage of modern metal airplanes. Such 
sheet is usually reinforced by stringers. The portion of 
sheet between any pair of these stringers can, for pur- . - 
poses of computation, be considered as simply supported 
at the stringers, A study of the limiting case .of flat 
sheet has "already been made (reference 1). The present 
paper is an extension of this work to include the effects 
of initial curvature. 
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FUNDAMENTAL EQUATIONS 
NOTATION 



An initially curved plate of uniform thickness will 
"be considered. The f-ollowing notation is used: 

w Q initial displacement of points of— the middle sur- 
face normal and relative to a plane through the 
corners of the plate . ... 

w additional displacement of--points of the middle sur 

face due to the applied loads 

x, y- coordinate axes 

F " stress function 

q. normal pressure 

E Young's .modulus 

h plate thickness 

H Poisson's ratio 

Eh 3 

11 = i p' ( i ' f l exural rigidity of the plato 



CT X> 


CT y ' 


T xy 


extreme 


-f iber 


stresses 


I 


V 


T xy 


medi an- 


fiber 


stresses 


II 

ff x' 


ii 

V 


T xy 


e x t-r e me 


-fiber 


bending stresses 




«*■ 


7 xy 


median- 


fiber 


strains 
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n v - - JJ l~ T M- —\ , bending moment about y-axis 

w m , n coefficient in expansion far displacement normal 
to the reference plane due to load 

"b width of cylindrical plate strip 

2a wave length of buckles 

m, n, r, s subscripts representing integers 

a n coefficient in expansion for initial displacement 
normal to the reference plane 

P x ,Py average compressive stresses 

"kji^n coefficient in expansion for 3T 

Bi, B a , . . .B 13 - coefficients in expansion for b m n 

0-m,n coefficient in expansion for q 

> » • • «Qi3 coefficients in expansion for q m n 
R radius of curvature of plate 

e edge strain 

e cr edge strain for buckling 

Equations for the Deformation of Curved Plates 

The fundamental equations governing the deformation 
of thin curved plates were developed by Donnell in ref- 
erence 2 and by Marguerre in reference 3. These equations 
are also given by von Karman and Tsien in reference 4. 
ffor the special case where the deflections are not small 
in comparison with the thickness, but at the same time 
small enough to justify the ■ appli cat i on of simplified 
formulas for curvatures of the plate, Marguerre (equations 
(4.3 3 ) and (4.5 1 ) of reference 3) gives these equations in 
essentially the following form: 
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b 4 tf 



•+ 2 



b' 4 F d 4 F 
+ 



ox 4 bx 8 by 2 by 4 



b 2 w 



b 3 v b s w. 



\pxbyj bx 2 by 8 



•+ 2 



b 2 v b 8 w n 



bxby bxby 



b s w b 2 w f 



bx 2 by £ 



b a 
bx 



v 0 b a w 1 
c 3 by 3 J 



(1) 



v 4 

b w 
bT" 



+ 2 



v 4 

b w 



bx 2 by 3 



> 4 

b w 



i + S. 



b 2 ? b 2 (w + w„) 



B Lby* 



bx £ 



b S P b a (\4 + W 0 ) 

+ - 2 



b 2 y b 8 (w + w Q ) 



bx ! 



by 



s 



bxby bxby 



(2) 



Equation (2) is also given "by Timoshenko (p. 319, equation 
(206) of reference 5). 

The median-filier stresses are 



i b 2 F 



' _ bf_F 



bx 3 ' x * 



b s 3? 
bxby 



(3) 



and the medi an-f iber strains are 



v 1 



Vby 3 bx 2 / 



'b 2 r 



- M- 




2(1 + jj. ) b ff 

E ' "bxby j 



(4) 



The extreme-fiber bending and shearing stresses are 
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it 



°7 = 



. ii 



2(1 



2(1 



3h /o 3 w + 

- H 2 ) \£x 3 

3h / o 3 w + 

- M> 2 ) W 3 



2(1 + p.) dxdy 



Eh 



o 3 w\ 
oy 3 / 



(5) 



Plate Strip with Cylindrical Initial Shape 

If we limit the following discussion to the case of 
a plate strip of infinite length of initial cylindrical 
shape having deflections w 0 small enough to allow the 
use of simplified formulas for curvature and let the gen- 
erators "be parallel to the x-axis, then 



d 3 w, 



= 0 ; 



d 2 w, 



= 0 



C6) 



dx 3 " * dxdy 
Substituting equations (6) in equations .(l) and (2) gives 



dx 4 



•+ 2 



o 4 r 



dx a dy 2 dy 4 



= B 




6 8 w d s w d 3 w o 3 w, 



dx a dy 3 dx 3 dy' 



(7) 



d 4 w S 4 w 

+ 2 

dx 4 dx a dy 3 



5 4 w 
dy 4 



o 3 F d a w 




d 3 w b 3 T d 3 w, 



dxdy dxdy dx 3 dy J 



(8) 
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Simply Supported Cylindrical Plate Strip 

General Solution 

A solut-ion of equations (7) and (8) for a aimply 
supported cylindrical plate strip of infinite length must 
satisfy the following "boundary conditions. The deflection 
and the edge "bending moment per unit length are zero at 
the edges, of the strip; that is, when y = 0 or y = "b 



and 



.by* 

These conditions are satisfied "by the Fourier series 



I I 



> > w m,n c0 * a — b 



sin ^ (9) 



m— o ,i,a... n=i ,2,3... 

The initial displacement must "be a function of y alone 
since the elements of the cylindrical surface are parallel 
to the x-axis. The xy-plane can "be to chosen (see fig. l) 
that the initial deflection is zero along the edges y-= 0 
and y = To. These conditions are satisfied "by the Fourier 
series 



v 0 = £ a n sin (io) 

n = i , a , . . . 

By substitution equation (7) is found to "be satisfied if 



B* = - 



— a ,- a 
PxT Py* 



3 



+ Y V "b cos cos (11) 

m^o , i , a . . . n=o ,1,2... 
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where p x and Py. are equal to the average compressive 

stress in the' x and y directions, respectively,' and 
where 



and 



hi , n 



co n — i 



2 - + n 2 



a \ 2 



(Bi + B 2 + . . . + B 13 ) (lla) 



B. 



^ 1 T [ | 

r=o a=i 
r=o s=i 



s 3 



(r+m)(n-s)rs+(r+m) s 



w (r+m) , (n-s ) w r , s 



r(n- .)(,+ m) a+ r 3 a 8 J * r , ( n _ s )^( r+m ) , s 



if m j 0 



B 3 = 0, if m = 0 



B, 



CO »c 

= Z X [<*+ m! 



r=o s=i 



)(.+ n)rs- ^ +m ) 2 s 2 Jw (r+m)>(s + n) w r>s 



B 



= L X [ (r+ m)sr!(s+ n) ~ (r,+ m)S(s+ n)3 l v (r+m) ,s w r, (s+ 
r^~o s=i 

if n 4 0 

B 4 = 0, if n " = 0 



r=o s=i 



r(s+n)(r+m)s-r 



3 si 
8 J w r. 



(s+n ) W (r+m ) , 



if m 4 0 



B 5 = 0, if m = 0 
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B, 



»• y ) rs(r+ m)(s+ n) - r a (a+ n) S | w r)S w (r4 . m)i ( g + n ) 

r=os=i ... 
if m and n ^ 0 

= 0, if m = 0 or n ~ 0 

m n-1 r al 

= V ) -pad - r)(n- s)+ r (n ~ s) J w r>g w (m~E), (n-a) 

r=o s=i 



m co 



B. 



2 _a 



= y y £-r(a + n) (tn - r)s - r* a 
r=o s=i 



w r, ( g ^n) w (m-r) )9 



1 1 

r=o s=i 



■red - r) (s + n) -r s (s -t-n ) 2 J w r ( s v ( m -r ) , (s+n) 
if n ^ 0 



B 9 = 0, if n = 0 



CO 

B io » 7 [" 3m2 83 ] w m,( 3 +n) a K 

8=1 

E 10 = 0, if- n = 0 



, if n t 0 



B 



B 



11 = Z ["' 2mS(s+ n)3 ] Wm > s a (s+n) 



s-i 



12 



= 1 [ 

L i L 



2m a (n - s ¥ 



U-s) 



s=i 



By substitution of equations (9), (10), and (Xl) in equa- 
tion (8), equation (8) is found to be satisfied if 



q - I 

m=o ,i,s, 

where 



y 



1m, n c * s "a - sin b 



(13) 
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q,B = Y Y [ rs " (s + n)<r + m) J WxL ' (s+n) b ( r+ir ^- ! 



r=o s=o 



if m i- 0 



Q„ = 0, if m = 0 



4„ - - 



r(s + n) - s(r + m)J w r ( g *( r+m ),(s+n) 
if m ^ 0 



"■J to 

r=o s=i 



q 9 = 0, if m = 0 



.10 



5n 



= 1 [ 



2m a s 2 



a s \,(n-s) 



CO 



= £ [2m 2 U + n>»] a (s + n) \ f9 



8=0 



^1 3 



CO p. 
8=1 



2m a s a 



a s b m,(n+s) 



Eauation (12) represents a doubly infinite family of 
equations. In each equation the co-efficients ^xa t n 
may be replaced by their values as given by equation (lla). 
The resulting equations will involve the known normal 
pressure coefficients q m , n » the known average membrane 
pressures in the x- and y-directions p x and p y , respec- 
tively, the known initial deflection coefficients a n , and 
the unknown deflection coefficients w m ,n' The num ' ber of ~ 
these equations is equal to the. number of unknown deflec- 



tion coefficients w 



m , n • 
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In. the following solutions the number of equations 
of the family of equation (12) was restricted "by setting 
all deflection coefficients w m|I1 equal to zero except a 

selected number including the most important coefficients. 
This simplification introduces an error into' the solution. 
The magnitude of the error will be estimated from the con- 
vergence as additional coefficients are used in the solu- 
tion. 

The resultant l"?ad must be constant in the x- and in 
the y-direction and the boundaries of the plate must re- 
main straight. The first condition follows from the sub- 
stitution of equations (3) and (ll) in the following ex- 
pressions for the total load: 



Load in x-direction = / ha^ dy = - f x bh 

o 

. + a 

Load in y-direction = / hcr y &x = - 2p ah 



(13) 



-a 



The second condition was checked by the substitution of 
equations (4), (9), and (ll) in the following equation?: 

Displacement of edges in' x-direction over a full wave- 
a 

i«**.y [. ; -Kit) 3 ]- 

-a 

oo c» 

2p T a 2p y a _ 2 v~> V 33 
= - x + u — — > > m w r -, a1 

E E ±a Z. L m > n 

m=i n=i 

Displacement of edges in y-direction = 



2 




n-i m=o n=i n-4 
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Equations (13) to (15) are ind.epend.ent of x and y , 
thus showing that the conditions of constant load and con- 
stant — edge displacement are .satisfied "by equations (9) to 
(12). . 



For a plate having a constant radius of curvature 



between y = 0 and y = b the coefficients 
tion (10) must have the values 



a n in eq.ua- 



a n - 



4b g 

•n 3 3 
H-TT n 



(16) 



Edge Compression of Plate Strip with Circular 

Cylindrical Shape (u- = 0.316{ Only w 0)1 and 

w i,i Are Assumed Different from Zero) 

The following results apply to plates loaded in edge 
compression in the x-direct ion as ahown in figure 1. 

The normal pnessure q and the edge compression in 
the y-dir-ection Py-ah are zero. The initial displace- 
ment w 0 is that of a circular cylinder of radius R. 

If only the deflection coefficients w Q t and w i , i 

are taken different from zero we get from e quat i on s . ( 11 ) 
and (16) the following equations for the stress coeffi- 
c i ent s : . 



i , o 



a , o 



O ,2 



1,2 



a a B 
4b 3 " 



(- 



2w 0jl w a 



a 2 E 

32b 2 



a E a 

T w i i 

3 2b 1,1 



-,2,8 

?a * -i 
4(b 3 .* 4a 2 ) 3 



0 



8 * 3 w ^ 
1 " 31 IT x i V 



2w o,i w l,i + 



16 b^ 
93 R 



W17) 
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We also get from equations (12), (16), and (17) by equat- 



ing q 



0,1 



and 



to zero the equations: 



w i.i * 



2 



4 

Rh 31 



1 + 



2 v 2 



3(1 + 4a^/h 3 ) 



2.7 



v a,i r 
h 2 L 



i + 



2(1 + 4a s /b s ) 



i 



(18) 



P-b=h. 



n 2 D 



■ (I + $ 




w 



R 2 h 2 



2a c 
T 2 



32a' 



W Q.l V 



64 



961b a 



8649/- + 



Rh 



16a 2 16 
_ + 



31V 



93 



4a\ a 

V J 



(Mr) 2 J 



(1.9) 



Equations (18) and (19) were solved simultaneously 
"by assuming values of "buckle deflection w 1(1 /b and solv- 
ing for the load ratio P x b 3 h /tt 3 D . The results are plot- 
ted in figures 2 to 4 for values of the ratio of length 
to width, of 'buckle a/"b of 1/2, 3/4, and 1 and for values 
of the curvature ratio b s /Rh of .0 , 5, and 10. Values of 
a/b > 1 were not computed since the results for a/b = 
l/2, 3/4, and 1 indicate that the load' required to main- 
tain a buckle having a/b > 1. is greater than the load 
required to maintain a buckle having a/b < 1. Buckles 
for which a/b > 1 would' therefore not occur. It is evi- 
dent from these figures that a.s the buckle depth becomes 
comparable with the sheet thickness, W3.1i n » the .af- 
fect- of the initial curvature, on the -load becomes negli- 
gible. For .small deflections, however, an increase of 
the curvature ratio b 3 /Rh ■ from 0 to 10 causes an in- 



crease in the load ratio 
square buckle a = b. 



TT 2 D 



from 4.00 to 13.06 for a 
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The ratio of the effective width to the initial width 
(defined-as the ratio of the actual load carried Tiy the 
plate to the load the plate would have carried if the 
stress had been uniform and ea.ual to the Young's modulus 
times the average edge strain) was computed from equations 
(13), (14), (18), and (19) with the results given in fig- 
ures 5 to 7. Near the edge strain corresponding to "buck- 
ling, curvature has a large effect on the effective width 
ratio; however, when the edge strain is several times the 
"buckling airrain of the corresponding- flat panel the effect 
of curvature on the effective width ratio is negligible. 



Edge Compression of Plate Strip with Circular Cylindrical 

Shape (n = 0.316; Only w 0(1 , w al , w 3 > x , w 1|3 , 

and w 3>3 Are Assumed Different from Zero; 

Square Buckles a/b = l) 

In the solution of the previous section only the 
first two deflection coefficients w 0 x and w a x were 
used. The omissi-on of higher terms in the deflection 
introduces an error in the results. In the present sec- 
tion the order of magnitude of this error will be deter- 
mined for the special case of a square buckle by obtain- 
ing a more exact solution including the first sir deflec- 
tion coefficients w 0<11 w X|1 , w 3 f 1 , w 3>1 , w lr3 , and 



The results again apply to plates loaded in edge 
compression in the x-direction as shown in figure 1. The 
normal pressure q and the edge compression in the y- 
direotion Fy-ak are zero. The initial displacement w Q 

is that of_ a circular oylinder of radius H. The buckle 
i s square , a = b * 

Equations for the stress coefficients b ffl were »b- 

tained from equations (ll) and (16) on the assumption that 
only w 0)1 , w 1(1 , w 2fl , w 3>1 , w x f3 , and w 3j3 were not 

zero. The results are given in table I. Substitutring- 
theae stress coefficients in equation (12) and equating 
the pressure c oe f fdci ent"8" q ffl n and the stress coeffi- 
cient p fro zer» givps the. equations in table II. Theoe 
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equations relate the average membrane pressure in . the 
x-direction p" x , the initial radius of curvature R, 
and the deflection coefficients w 0 x , w 1 x , w 2 x , w 3 j , 

w 1(3 , and w 3j3 . 

The equations in table II were solved by successive 
approximation for the case where p"^ = 8.24 Eh 2 /b 2 and 

b 2 /Rh = 10. The resulting values of the deflection coef- 
ficients were w 0 ^ x /h = -1.017, w x>1 /h = 1.929, w 2il /h = 

-0.243, w 3jl /h = -0.075, w 1)3 /h = 0.036, and w 3(3 /h = 

-0.006. Using these values the effective width ratio was 
computed from equations (13) and (14). At an edge strain 
ratio of 3.61 times the critical edge strain ratio for 
flat sheet the effective width ratio was 0.625. The cor- 
responding value using the solution with only two deflec- 
tion coefficients was 0.642. (See fig. 5.) This indi-' 
cates that the difference "between the results using only 
two deflection coefficients} and the results using six de- 
flection coefficients is small for deflections up to about 
twice the sheet thickness and for values of b 3 /Rh up to 
about 10. 



Effective Width 

The effective width curves of figures 5, 6, and 7 
are replotted in figures' 8, 9, and 10 using as abscissa 
the dimensionless edge' strain ratio eb 3 /h . An envelope 
curve is drawn which' is tangent to the effective width 
curves for different ratios of length to width. This 
envelope curve corresponds to the effective width of a 
long plate in which the buckle length is adjusted to give 
the lowest possible effective width. In an actual plate 
of finite length, however, it is probable that after a 
Tiuckle pattern has become established, a momentary in- 
crease in load would be required during the transition to 
the new buckle' pattern having lower effective width. 

It is interesting to observe that even in the case 
of a flat sheet (fig. 8) the buckle length corresponding 
to a minimum effective width decreases as the edge strain 
increases. Jor minimum effeotive width the buckle shape 
would be square initially, change to a/b = 3/4 for an 
edge strain ratio £b 2 /h 2 = 11, and change to a/b = 
1/2 for eb a /h s = 38. Similar effects are evident for 
curved ' sheet (figs. 9 and 10). 
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The minimum effective width, corresponding to the 
envelope ourve, is 0.500 when eb a /h 3 = 21.0 f-or flat 
sheet as well -as sheet with curvature ratios b 2 /Rh 
equal t~o 5 and 10. It is evident from this and from fig- 
ures 8, 9, and 10 that the effective width is nearly in- 
dependent of initial curvature when the critical edge 
strain has Been several times exceeded. 



Comparison with Results "by Other Authors 

Experimental and -theoretical investigatri-ons of the 
load carried by curved sheet after buckling havo been 
made fey von Karma'n and Tsien (references 4 and 6), Cox 
and Clenshaw (reference 7 ) , Newell (reference 6), Ebner 
(reference 9) and Wenzek (reference 10). 

von Ka'rman and Tsien (references 4 arid 6) consider a 
sheet curved to form a closed circular cylinder without 
longitudinal reinforcements. Such a sheet buckles into 
diamond-shape buckles (see, for example, fig. 242, p. 461, 
reference 5). These buckles do not satisfy the condition 
assumed in the present paper that the sheet is simply 
supported along the edges and that the initial displace- 
ments are small enough to justify the use of simplified 
formulas for curvature. This case is therefore outside 
the scope of the present work. 

Cox and Clenshaw (reference 7) give experimental -re- 
sults for a large numb er . of ' plates having clamped longi- 
tudinal edges but no longitudinal reinforcements. Al- 
though this edge condition is different from that of 
simple support assumed. in the present paper, the effect of 
curvature should be similar in the two cases. They ob- 
serve that the initial buckling load of curved sheet 
might considerably exceed that" for flat sheet" and that the 
effective width of curved, sheet' after the buckling load 
has been exceeded several times is nearly the same as that 
for flat sheet. These experimental results are in agree- 
ment with the theoretical curves in figures 5 to 7 of_the 
present paper. 

Newell (reference 8) gives design charts baeed on the 
results of tests to failure of curved sheet supported be- 
tween v-grooves. These results indicate a considerable 
increase in the failing load as the Curvature is in- 
creased. It is probable that the. failing lrad with this 
typo of support was the buckling lead of the curved Bheet. 
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The results are then in agreement with the increase. in 
buckling load with increasing curvature shown in figures 
2, 3, and 4 of the present paper. 

Ebner (fig. 40, reference 9) gives the results of 
tests on curved panels with longitudinal stiffeners in 
which he shows that the failing stress of a given type of 
panel is nearly independent of the initial curvature. The 
edge restraint of the 3heet of these panels "by the longi- 
tudinal stiffeners probably enabled them to support 
stresses well above the buckling stress. His result is in 
agreement with figures 8, 9 , and 10 which show only a 
slight change in effective width with curvature when the 
buckling stress is exceeded several times. 

Wenzek (reference 10) gives the results of tests on 
brass sheets clamped along the longitudinal edges to a 
stiffener having a closed section. His results indicate 
that an increase in the curvature is accompanied by an . 
increase in the buckling load but that this ' increase in 
1 oad- carry ing capacity drops off with increase in the edge 
strain. These general conclusions are, in agreement with 
the results of the pres ent • paper . Some of Wenzek 1 s ex- 
perimental results (fig, 7, cyl. 7, 8, and 10, reference 
10) and theoretical results (fig. 3, reference 10) show 
values of 'the ratio of effective width to initial width 
which are nearly zero. These results seem extreme and 
are not confirmed by the results in the present paper. 



CONCLUSIONS 



It may be concluded that for small deflections the. 
initial curvature has-a large effect- on the load carried 
in axial compression and may increase the buckling load 
several hundred percent. Vh'en the buckle depth Tiocomes 
comparable with the sheet thickness ,• however , the effect 
of the initial curvature on the load carried in axial 
compression becomes negligible. . 

In terms of effective width this may be expressed as 
follows? The effective width ratio is increased consid- 
erably by an increase in curvature for loads near the 
buckling load. When the edge strain is several times the 
critical buckling strain of the corresponding flat sheet, 
however, the effect of curvature on the effective width 
ratio is negligible. 

National Bureau of Standards, 

Washington, D. C. , January 8, 1943. 
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RADIUS OF CURVATURE R. 
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TABLE II.- EQUATIONS RELATIH3- DEFLECTION COEFFICIENTS 
*0,1» W 2,I> w 3,l» n,3» ^^3,3* THE RADIUS OF 

CURVATURE R, AND THE AYEBAGE 'MEMBRANE PRESSURE I If THE 
X-DIRECTION p x FOR A SQUARE BUCKLE } a = *b. POrSSOtf 1 6 
RATIO u, = 0,316. LATERAL PRESSURE q_ AND MEMBRANE 
PRESSURE p y ARE ZERO. 



o.vTo«y V\* ^ » o.o* wr M Ur^ +■ o.^iU ^ ^ Uy s ^ 
- 2.o^3 ur v ur^ ^ Q ^ ^ ^ 

2.A '"b^T »Aoi^ ur^ wr\ A 




-4.0*47 ur^ ^ V 1 .*« uL Wll ur ts 



+ 4*8 ur, - a >X ^ V 



_ fc ->\ ^i^^i a \ 

O UT^ , ULT-. 4- -a o 7_ 



-0,S2iq tor u- , fi> . I ' 



S3 



11 
u 

IS 

1« 



UffiLE II.- (COHTHniSD ) 

VMS uT-^ v ur\ iX ur sb + o.iOfetS" ^o i \ UT- \ s \ Ujr ^ 

■KsoS" ur-^ vU\^ ur^ ~ io.SoS* ur 0jV ur Vji uT%^ 

-6 oj^ ^ ur^ + 4A4Cl us-^ ur^ ur^ 4 Ul ur v ur,^ 

4-125 ^«J hS W v V^8 0J- V ^| 

-I AW >X wis ur»/( 



«v ^ «cr>,^ ^ ur v 

20- + n-vi4 ur^ ur b ^ + to. IS" urjj^ 

^ ^ N -2<.tf ^ ar v - ur\ % ur 3iX 

*»ottUr ^ *5fe - o.atsj icr^ 

-Vo.VJtSf u%\ uj\^ - o.o36S^ wM r 3(jl ^y^) 



as 

34 



TABLE II.- (COiTCLUDED ) 

w* C ur^ •o.^a ^ V^ur^e + u* ur^ ur^ 
» 4-*.«ok w OA ur^ -io,fl wr^u**^ ur lj% 



*- -W.-J ur^ «r v ur^ w 6jV ur^ 

* v^J ^ +3.^124 ur; jN HiX* uy a J ur^ N 

• -tl.ft vajyJ wr^— 7.W ur^J uar^ +6.5" ^ 

~o;©ws wr 0j \ ur,^ ^^woi, usr^ur^ -k/fe 



u 
u 

IS 
H 



4-o.»\ ur^ ur^ -1.13* + \\ .21V v*^ 

■ -ZO.aS" vjr^ U3> 3 ^ - 40.5" uXjJ 

+ o,oi.« tf V «M% -CHIOS wr^ltt^ 

„ - f ,o^ aft ^ ^ 




Figure /. - Plate trifh circular cylindrical initio! shape 
in edge compression under axial load bh. 
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Buckle deflection ratio 



Figure Z.~ Variation of load ratio with buckle deflection £j« 
ratio for ratio of length to tridtft of IwcAta » 
a/b'l and -for different curvature ratios b K /ftft. 
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Figure 3.- Variation of load ratio with bvckto def taction Figure 4.- Variation of food ratio vith bacit/e deflection 

ratio for ratio of length to width a/h = fy+ ratio for rath of length to width afb one/ • 

and for different curvature rofios fit/Hn. + ar different curvature rof/as a* * Rh- - 
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Edge strat'n 
Criticaf strain for flat sheet 

Figure S. - Vor/of/on of effective width ratio with 
edge strain ratio far curvature ratios 
o*//?h °* O i 5 and IQ } a/b * / . 
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Figure 6.- Variation of effective width rotio with edge *g 
strain ratio for curvature rof/os 6*/Jth t 
of O, 5 and 10 j a/A » 3/4- ^ 
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Figure 7-~ Variation of affact/'ve width ratio with adae 
strain ratio for curvature ratios b*/Rn 
of Oj 5 and /0 3 o/b = i/Z . 
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Figure 8.- Effective width ratio for f/at sheet co" 
fj.uO. 3/6 . w 
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Figure 9.- Effective width ratio for curved pfafe 
6*//?/t = 5j ju = 0.3/6. 
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Figure to. - Effective v//dth ratio for curved 
plate t>*ffth=>lo } fj.- 0.316. 



